e studied 19 videotaped knee arthroscopies in 19 patients with mild to moderate osteoarthritis (OA) of the knee in order to compare the intraobserver and interobserver reliability and the patterns of disagreement between four orthopaedic surgeons. The classifications of OA of Collins, Outerbridge and the French Society of Arthroscopy were used. Intraobserver and interobserver agreements using kappa measures were 0.42 to 0.66 and 0.43 to 0.49, respectively. Only 6% to 8% of paired intraobserver classifications differed by more than one category. Observer-specific disagreement was evident both within and between observers. A small, but significant, occasional variation was also seen. Although reliability may improve by an analysis of disagreement, it appears that the arthroscopic grading of early osteoarthritic lesions is inexact.
Osteoarthritis (OA) is a common endpoint for many joint disorders. It leads to a progressive loss of articular cartilage and remodelling of subchondral bone. Traditionally, OA of the knee has been defined as narrowing of the joint space on radiographs combined with appropriate clinical signs. There is, however, no simple relationship between symptoms and pathology. Furthermore, the clinical value of grading early OA is uncertain, except for preoperative assessment before tibial osteotomy or unicompartmental replacement. For studies involving biochemical markers or chondroprotective agents, the value of the interpretation of the early grading of OA is more obvious.
The radiological classification of OA is imprecise, especially in the early stages. In a study of patients with chronic knee pain and considerable narrowing of the tibiofemoral joint space, up to 33% had normal articular cartilage at arthroscopy. 1 In another study, seven of 17 patients with advanced tibiofemoral and/or patellofemoral OA seen at arthroscopy had normal radiological findings. 2 Similar results have been found in other studies. 3, 4 Arthroscopy allows a more detailed description to be made of the depth and extent of the lesions, and the detection of subtle changes such as cartilage softening, fibrillation and tangential flaking. Several classifications of the pathology of articular cartilage have been proposed, such as that of Collins 5 which is based on autopsy material, or of Outerbridge 6 which is determined by the findings at arthrotomy.
These classifications are based on the depth and distribution of lesions. Recently, more elaborate systems have been proposed 7, 8 which include assessment of the depth, size and location of the lesions. Our aim was to compare intraobserver and interobserver reliability by using three of these classifications and to analyse the nature of any disagreement.
Patients and Methods
Four orthopaedic surgeons examined 19 videotaped arthroscopies of 19 consecutive patients with a mean age of 46 years (27 to 74) who had disorders of articular cartilage. All the tapes had been recorded by one of the observers at least two months before the first grading session. Each compartment was recorded for one minute starting with the patellofemoral followed by the medial and lateral compartments. All surfaces had been probed to determine soft areas. The arthroscopies were coded, shown in a random order, and assessed individually on two separate occasions, two months apart. Three different classification systems were used: that of Outerbridge, 6 that of the French Society of Arthroscopy (SFA) 8 and a modified Collins classification. 5 The worst lesion on each articular surface was assessed using the Outerbridge and Collins classifications. The SFA grade, location, size and form of cartilage pathology were recorded on an outline of a human knee. Table I shows the classification systems used; 114 surfaces were graded at each session (19 patients with six surfaces each). Statistical analysis. The ratings were plotted on a contingency table which showed the distribution of paired classifications (Fig. 1) . The coefficient kappa (), which is the measure of agreement beyond that expected by chance alone, was calculated. values exceeding 0.75 were considered as excellent, 0.4 to 0.75 as fair to good, and less than 0.4 as poor. 9 As the value does not distinguish between occasional and systematic disagreement, we also evaluated the patterns of disagreement within and between observers. [10] [11] [12] A different distribution of the categories used between two assessments, so-called marginal heterogeneity, suggests systematic disagreement. This can be seen by plotting the sets of cumulative proportions against each other to yield a relative operator characteristic (ROC) curve (Figs 2, 3 and 4). With total agreement the ROC curve is the diagonal of identical co-ordinates. A curve located to one or other side of the diagonal indicates systematic overestimation or underestimation (bias). This bias can be quantified by measuring the relative position (RP). An Sshaped ROC curve indicates that the concentration of classification differs between the two assessments made on the same objects. This can be quantified by measuring the relative concentration (RC). The possible values for RP and RC range between -1and +1. Values close to zero represent a negligible change from one session to another, or between observers, a positive value for RP indicates a systematic change in the use of the scale from a lower to a higher category and a negative RP, a change from a higher to a lower category. The RC will be positive if the categorisation of the second session concentrates more towards the central part of the scale when compared with that at the first session. The RC will be negative if the categorisation changes towards the periphery of the scale. Besides systematic disagreement there will often be occasional variations in the classification of the same object. This can be estimated from the relative rank variance (RV), which is always less than or equal to one. The smaller the RV, the less is the occasional variation between repeated classifications. We tested the null hypothesis that there was no systematic disagreement in RP or RC (RP = 0, RC = 0) and no occasional variability of RV (RV = 0) for classifications made by either each observer at two examinations or two observers at the second examination.
Results
Intraobserver reliability. Most articular surfaces showed little or no OA (Table II) . Normal cartilage (grade 0) and advanced changes (grade 4) were easier to classify (mean intraobserver agreement 81%) than the intermediate categories S, 1, 2 and 3 (mean intraobserver agreement 65%) when the Collins classification was used. Of the paired intraobserver classification 6% (SFA) to 8% (Collins) differed by more than one category. Intraobserver agreement on all surfaces ranged from 0.55 to 0.75 ( = 0.42 to 0.66).
Intraobserver disagreement was evident for observers I, III and IV (Table III) . Observer I systematically used lower categories at the second examination regardless of the classification used. This is shown by the negative RP values and the shape of the ROC curves in Figure 2 . Observer III systematically concentrated classifications towards the periphery of the Collins and SFA scales at examination two compared with examination one. This is shown by the Sshaped ROC curves (Fig. 3) Table III indicate additional variability unexplained by the bias. As an example, the RV value for observer III using the Outerbridge classification was 0.064 and the 95% confidence interval (CI) did not cover RV = 0. This means that part of the variability in classifications was due to non-systematic disagreement. Interobserver reliability. The overall percentage agreement was 59% using the Collins classification ( = 0.45), 61% with the Outerbridge classification ( = 0.47), and 62% when the SFA scale was used ( = 0.49). Table IV and the ROC curves in Figure 4 show that observers II, III and IV disagreed with observer I when using the Collins, SFA and Outerbridge classifications. Observer III systematically used higher categories than observer I when using the Collins (RP = 0.12, p = 0.002), Outerbridge (RP = 0.13, p = 0.001) and SFA classifications (RP = 0.11, p = 0.003). These systematic disagreements in position are reflected by the ROC curves in Figure 4 . Observers I and IV showed a similar disagreement when using the Outerbridge classification (RP = 0.12, p < 0.001). Disagreement on the Collins and SFA classifications mainly depended on a systematic disagreement in relative concentration (RC = 0.17, p < 0.001 and RC = 0.17, p < 0.001). Finally, a significant occasional interobserver disagreement was found in six of nine comparisons. This reflected a random dispersion of observations which could not be explained by the interobserver bias. ROC curves for systematic differences between examinations one and two for observer I. The dotted line represents complete agreement. Analysis of the worst degree of OA present revealed similar results with intraobserver agreement ranging from 0.53 to 0.79 ( = 0.30 to 0.71) with 3% to 4% of paired classifications differing by more than one category. Interobserver agreement ranged from 0.6 to 0.7 ( = 0.4 to 0.6).
Discussion
We were not able to discern reliably differences of one grade. Reliability, expressed as an intraobserver value, was only fair to good, although disagreement seldom exceeded one category. No classification appeared to be superior in this respect. Restricting classification to the worst affected surface did not improve reliability. The number of categories as well as the distribution of abnormality, is likely to affect the result. By adding nearby categories in the Collins classification to a three-category scale, reliability was improved from 0.55 to 0.69 (mean intraobserver ). Joints with normal cartilage and those with severe OA changes are likely to yield a higher agreement than joints with intermediate changes. Other published evaluations of orthopaedic radiological classifications [13] [14] [15] [16] [17] have reported similar results.
We have tried to analyse the agreement between observers and the nature of any disagreement. Systematic disagreement is related to the individual examiner, whereas occasional variation is affected by the quality of the method which is used to produce the evaluated material. 10 We found that there was intraobserver and interobserver variation in disagreement regardless of the classification scale used. The nature of the variation was observer-specific as illustrated by the results of observers I and III (Table III,  Figs 2 22 Multiplying the grades by the size of the lesions does not decrease any error. In any event, the clinical significance of the depth of a lesion versus its area and distribution is unknown. The purpose of scoring is to obtain one value which represents the multidimensional changes in the articular cartilage throughout the joint. Hypothetically, this value can be related to other variables such as biochemical markers, clinical signs and treatment outcome. Such a value must be easily defined either as a number on an ordinal scale or as a continuous value. In the case of arthroscopy a value would be categorical in most instances. One option would be to choose the worst lesion detected to represent the state of the whole joint. This method seems to be reasonable for joints which demonstrate a wide distribution of changes, as long as the low resolution of one-grade differences is borne in mind. An alternative approach could be the use of MRI to assess quantitatively disruption of articular cartilage. Yet another would be to create an ordinal scale in which the depth, size and distribution of lesions were specified within each category. 23 A detailed classification of OA does not appear to add greatly to clinical decision-making, but for research purposes, an improved classification system is required.
